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Potassium is important for crop production in Wisconsin particularly in rotations with alfalfa 
and corn silage. Unfortunately when potash prices increased dramatically in 2008 many growers 
chose not to apply potash or apply less than recommended rates. Recently, soil test K levels have 
been decreasing throughout much of Wisconsin even before potash prices increased (Fig. 1). 
Though changes in soil test K over time vary by county (Fig. 2).  

 
 

 
 
 
 

Figure 1. Average Wisconsin 
soil test K values from 1964 
through 2009. Summary of all 
soils analyzed by Wisconsin 
Department of Agriculture, 
Trade, and Consumer 
Protection certified 
laboratories. 

 
 
 
 
 

 
A few case studies highlight the need to pay attention to soil test K levels and apply 

recommended rates of potash. The first case study is from a soybean field in 2005. The soybeans 
exhibited potassium deficiency symptoms in linear patterns spaced about 30 inches apart with 
half of the field exhibiting the symptomology more strongly (Fig. 3). The field was planted to 
corn in 2004 and half of the field was harvested for grain and the other half for silage. Where 
silage was harvested in 2004, K deficiency on soybean was much more apparent. Starter fertilizer 
was applied to the corn in 2004. It was hypothesized that the more normal looking soybeans were 
growing over the old starter bands and the soil test K levels would be higher where the soybeans 
exhibited no deficiency symptoms. Soil sample results confirmed this hypothesis. Within the corn 
row, soil test K was 57, 71 and 52 ppm (average 60 ppm) and between the rows soil test K was 48, 
62, 54 ppm (average 55 ppm). Less deficiency was observed where corn grain was harvested the 
previous years because some K taken up by the corn would have been recycled back into the soil 
as the residue aged and rainfall leached K from the residue into the soil. On medium- and fine-
textured (loamy) soils like this one, soil test K levels below 90 ppm are considered very low for 
rotations, which contain alfalfa, corn silage, and wheat; while soil test K less than 70 ppm is 
considered very low in corn grain and soybean rotations (Table 1). It is very interesting that K 
deficiency symptomology was so much greater soil test K  
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Figure 2. Average soil test K values in Wisconsin by county from 1974 through 2009. Summary 
of all soils analyzed by Wisconsin Department of Agriculture, Trade, and Consumer Protection 
certified laboratories. 

 
 
 

 
Figure 3.  Potassium deficiency symptoms are apparent on soybeans in a linear pattern repeating 
approximately every 30 inches (left photo). Potassium deficiency was more apparent in the left 
side of the field compared to the right (right photo). Photo credits: Mike Ballweg. 

Proc. of the 2014 Wisconsin Crop Management Conference, Vol. 5362 Proc. of the 2014 Wisconsin Crop Management Conference, Vol. 53



averaged 55 ppm compared to 60 ppm. One should not assume that yield was not affected by low 
soil test K because of a lack of symptomology where soil test K was 60 ppm. It was not possible 
to harvest this field to determine yield differences between affected and unaffected strips.   

 
 

Table 1. Potassium soil test interpretation categories for major field crops in Wisconsin. The 
highest demanding crop in the rotation sets the soil test interpretation category for the rotation. 
Data taken from UWEX Publication A2809 Nutrient application guidelines for field, vegetable, 
and fruit crops in Wisconsin. 
 Soil test K category 
Soil Group Very Low Low Optimum High Very High Excessively 

High 
 ––––––––––––––––––––––– Soil test K, ppm ––––––––––––––––––––––– 
Demand level 1: corn grain, soybean, clover, small grains (but not wheat) 
Loamy < 70 70-100 101-130 131-160 161-190 > 190 
Sandy, Organic < 45 45-65 66-90 91-130 -- > 130 
Demand level 2: alfalfa, corn silage, wheat 
Loamy < 90 90-110 111-140 141-170 171-240 > 240 
Sandy, Organic < 50 50-80 81-120 121-160 161-200 > 200 
 

 
The second case study comes from 2013. In mid-September concern was expressed about a 

corn field with poor growth and chemical injury or nutrient deficiency. Photos taken at this time 
show necrotic tissue on leaf margins of all leaves and short, stunted, spindly plants. Root mass 
near the stalk appeared to be smaller than expected. Soil samples taken in early August 2013 
revealed that soil test K was 42 ppm. Clearly this is a very low K test regardless of crop rotation.  

 
 

 
Figure 4. Late season potassium deficiency symptoms in corn. Short, stunted, spindly plants with 
necrosis on all leaf margins, and a smaller than expected root mass. Photo credits: Jim Turner. 
 

 
Growers need to keep in mind that crop growth without application of nutrients or with 

applications less than crop removal of the nutrient will result in soil tests declining over time. The 
amount of K2O removed per unit of yield for major field crops in Wisconsin is given in Table 2. 
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Table 2. Crop removal of K2O per unit of yield for major field crops in Wisconsin. Data taken 
from UWEX Publication A2809 Nutrient application guidelines for field, vegetable, and fruit 
crops in Wisconsin. 
Crop Yield units Reporting moisture content Crop removal of K2O 
  % lb K2O/ unit yield 
Alfalfa ton/a dry matter 60 
Corn, grain bu/a 15.5 0.29 
Corn, silage ton/a 65 8.3 
Soybean bu/a 13 1.4 
Wheat bu/a 13.5 0.35 
 

University of Wisconsin potassium application rate guidelines for soils testing optimum are 
approximately equal to crop removal of K2O. Soils testing high and very high have recommended 
rates of K2O that are one-half and one-quarter of crop removal, respectively. For soils testing less 
than optimum, K recommendations are based on crop removal plus and additional K2O to build 
soil test levels to optimum. For more details see chapter 7 of Laboski and Peters (2012). 

 
 

Effect of crop removal exceeding K inputs on soil test levels in the subsoil. 
 
Soil test data from the Wisconsin Integrated Cropping Systems Trial (WICST) at Arlington 

and Walworth Co. were evaluated to determine how subsoil soil test K levels change when K 
additions are less than K removal from the system. The corn-corn and corn-soybean systems were 
sampled in 1989, 1996, 2001, and 2007 in the 0- to 6-, 6- to 12-, 12- to 24- and 24- to 36-inch 
depths. Walworth Co. was not sampled in 2007. At both locations soil test K in the 0- to 6-inch 
sample decreased significantly over time as more K was removed from the system (Table 3). This 
same trend continued for all other sampling depths at Arlington, but not at Walworth Co. These 
data clearly suggest that the subsoil will supply K to a crop and that the subsoil can become 
depleted over time when potassium is not applied.  

 
 

Response of corn and soybean to P and K applications at Arlington, WI 
 

In spring 2011 a P and K response trial (trial A) was initiated at the Arlington Ag Research 
Station. It was a randomized complete block design with four rates of P2O5 (0, 30, 60, 90 lb 
P2O5/a) and four rates of K2O (0, 40, 80, 120 lb K2O/a) in a full factorial. Soybean was planted. In 
spring 2012 the same rates of fertilizer were applied to the same plots and an additional 
treatments were added that consisted on 160 lb K2O/a at each rate of P. This resulted in four rates 
of P and five rates of K. Corn was planted in 2012. In spring 2013, the same rates of P and K 
were applied to the same plots as in previous years and soybean was planted.  

 
In spring 2012 a second trial (trial B) was initiated also at the Arlington Ag Research Station 

on a field next to trial A. It was a randomized complete block design with four rates of P2O5 (0, 
30, 60, 90 lb P2O5/a) and five rates of K2O (0, 40, 80, 120, 160 lb K2O/a) in a full factorial. 
Soybean was planted. In spring 2013, the same rates of P and K were applied to the same plots as 
in previous years and corn was planted. 

 
Fields A and B were in no-till production. The previous crop for both fields was an alfalfa 

grass mixture for more than five years. Nutrient applications were surface broadcast. 
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Soil test P and K levels in field A in spring 2011 prior to treatment application were 8 ppm P 
(very low) and 59 ppm K (very low). In field B soil test P and K prior to treatment application in 
spring 2012 was 1 ppm P (very low) and 48 ppm K (very low).  

 
Even though soil test P levels were very low initially, there was no significant effect of P 

application on soybean or corn yield in each year of the study on each field (Tables 4 – 8). There 
was a significant effect of potash application on yield for each crop each year where increasing 
rates of potash increased crop yield, through yields at the 120 lb K2O/a rate were not different 
than the 160 lb K2O/a rate for either crop in 2012 and 2013. The economics of the annual potash 
applications are clear, with the yield increase from the first 40 lb/a increment paying for the entire 
160 lb K2O/a. 

 
 

Summary 
 
Potassium is important for crop production in Wisconsin. Failure to apply K at rates 

approximately equal to crop removal will result in soil test decline in both surface and subsoils. 
Very low soil test levels can be found after a period of neglect. In these situations, K applications 
greater than crop removal are needed to maximize profitability. Soil testing can be used to guide 
profitable K fertilization. 

 
 
 

Table 3. Effect of cropping system on soil test K in the WICST plots at Arlington (Plano silt 
loam) and Walworth Co. (Pella/Griswold silt loam). In all cropping systems, crop removal 
exceeded the amount of K applied.  
Crop 
Sequence 

Year Soil depth 
0-6” 6-12” 12-24” 24-36” 

  Soil test K (ppm) 
Arlington 
CC 1989 257 a† 143 a 125 a 135 a 
 1996 257 a 100 b 74 c  
 2001 194 b 83 b 88 b 121 ab 
 2007 204 b 81 b 89 b 112 b 
CS 1989 199 a 121 a 134 a 155 a 
 1996 214 a 91 b 83 c  
 2001 126 b 90 b 99 b 118 b 
 2007 121 b 75b 92 bc 103 c 
Walworth Co. 
CC 1989 196 a 134 126 124 
 1996 191 a 105 114  
 2001 144 b 113 127 129 
CS 1989 178 a 118 126 115 
 1996 132 b 86 103  
 2001 93 c 105 125 102 
† With a column at a given location, mean values followed by the same letter are not significantly different 
at the 0.10 probability level. 
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Table 4. Soybean grain yield response to applied P and K fertilizer on very low testing soils of 
field A at Arlington, WI, 2011. 

 K2O rate, lb/a 
P2O5 rate 0 40 80 120 Mean † 

lb/a ---------------------------------------- bu/a ---------------------------------------- 
      
0 38 45 48 51 45 

30 34 44 51 54 46 
60 36 46 50 54 47 
90 38 43 48 58 47 
      

Mean ‡ 37 d § 44 c 49 b 54 a  
† P2O5 rate p = 0.77. 
‡ K2O rate p <0.01.  P2O5 rate x K2O rate p = 0.77. 
§ Mean values followed by the same letter are not significantly different at the 0.10 probability level. 
 
 
Table 5. Soybean grain yield response to applied P and K fertilizer on very low testing soils of 
field B at Arlington, WI, 2012. 

 K2O rate, lb/a 
P2O5 rate 0 40 80 120 160 Mean † 

lb/a ---------------------------------------- bu/a ---------------------------------------- 
       
0 9 15 18 20 22 17 

30 18 12 16 18 23 17 
60 11 17 18 17 19 16 
90 13 13 16 18 17 16 
       

Mean ‡ 13 c § 14 c 17 b 18ab 20 a  
† P2O5 rate p = 0.57. 
‡ K2O rate p <0.01.  P2O5 rate x K2O rate p = 0.33.  CV = 29%. 
§ Mean values followed by the same letter are not significantly different at the 0.10 probability level. 
 
 
Table 6. Soybean grain yield response to applied P and K fertilizer on very low testing soils of 
field A at Arlington, WI, 2013. Spring 2013 soil test P levels averaged 8, 10, 14, and 19 ppm at 
the 0, 30, 60, and 90 lb P2O5/a rates, respectively; while soil test K levels averaged 59, 65, 70, 80, 
and 88 ppm at the 0, 40, 80, 120, and 160 lb K2O/a rates, respectively. 

 K2O rate, lb/a 
P2O5 rate 0 40 80 120 160 Mean † 

lb/a ------------------------------------------- bu/a ------------------------------------------- 
       
0 46 58 63 62 56 57 

30 36 57 52 64 65 55 
60 51 61 55 57 73 59 
90 40 60 63 55 57 55 
       

Mean ‡ 43 b § 59 a 58 a 60 a 63 a  
† P2O5 rate p = 0.47. 
‡ K2O rate p <0.01.  P2O5 rate x K2O rate p = 0.34.  CV = 19%. 
§ Mean values followed by the same letter are not significantly different at the 0.10 probability level. 
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Table 7. Corn grain yield response to applied P and K fertilizer on very low testing soils of field 
A at Arlington, WI, 2012. Spring 2012 soil test P levels averaged 7, 9, 12, and 15 ppm at the 0, 30, 
60, and 90 lb P2O5/a rates, respectively; while soil test K levels averaged 55, 59, 58, and 64 ppm 
at the 0, 40, 80, and 120 lb K2O/a rates, respectively. 

 K2O rate, lb/a 
P2O5 rate 0 40 80 120 160 Mean † 

lb/a ------------------------------------------- bu/a ------------------------------------------- 
       

0 54 84 109 124 129 100 
30 51 91 122 130 120 103 
60 46 85 125 126 130 102 
90 56 91 113 152 124 107 

       
Mean ‡ 52 d § 88 c 117 b 133 a 126 ab  

† P2O5 rate p = 0.72. 
‡ K20 rate p <0.01.  P2O5 rate x K2O rate p = 0.85.  CV = 19%. 
§ Mean values followed by the same letter are not significantly different at the 0.10 probability 
level. 
 
 
Table 8. Corn grain yield response to applied P and K fertilizer on very low testing soils on field 
B at Arlington, WI, 2013. Spring 2013 soil test P levels averaged 6, 7, 9, and 13 ppm at the 0, 30, 
60, and 90 lb P2O5/a rates, respectively; while soil test K levels averaged 49, 52, 57, 60, and 64 
ppm at the 0, 40, 80, 120, and 160 lb K2O/a rates, respectively. 

 K2O rate, lb/a 
P2O5 rate 0 40 80 120 160 Mean † 

lb/a ------------------------------------------- bu/a ------------------------------------------- 
       

0 38 89 158 198 203 137 
30 28 116 162 206 214 145 
60 46 119 162 194 223 149 
90 43 85 159 213 211 142 

       
Mean ‡ 39 d § 102 c 160 b 203 a 212 a  

† P2O5 rate p = 0.55. 
‡ K20 rate p <0.01.  P2O5 rate x K2O rate p = 0.84.  CV = 18%. 
§ Mean values followed by the same letter are not significantly different at the 0.10 probability 
level. 
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